Abstract-The extreme hardness of single crystal diamond makes it an ideal cutting tool for ultraprecision machining. When diamond is used as a product, it should be shaped into a required arbitrary shape. For example, to produce a diamond-cutting tool for ultra-precision grooving, not only polishing, but also shaping diamond into an arbitrary shape is needed. In order to get a bulk pattern, polishing diamond with diamond powder is done extensively, but this method is costly and time consuming. This research is an experimental investigation of the micro machining of single crystal diamonds by ferrous material, in order to get the diamond into an arbitrary shape. Tool wear during the cutting process is utilized. It is found that ferrous material can polish and shape single crystal diamond, even though single crystal diamond is considerably harder than ferrous material. For comparison, machining by other materials has been conducted. The removal rate has been measured. The surface roughness of machined diamond is comparable with the surface roughness of new commercial cutting diamond, and better than laser manufactured surface roughness.
INTRODUCTION
Single-crystal diamond has superior characteristics of abrasion: for that reason, the use of diamond has extended rapidly throughout many industries. The extreme hardness of single crystal diamond makes it indispensable in the ultra-precision machining eld as a cutting tool, also as dies for gold wire. When diamond is used as a product, it is necessary to shape it into some speci ed shape. In order to get a two-dimensional pattern of a diamond, it is possible to use an etching technique of thin diamond lms [1 -7] . However, because of its hardness, it is dif cult to manufacture single crystal diamond into a bulk shape. Usually, a diamond is polished with a diamond disk or powder [8, 9] , but this method is costly and takes processing time. Also, the removal rate is low, because there is no difference of hardness between the machining tool and the product. Usually, in the case of polishing, the abrasive substance should be harder than the product, but when the hardness of the product is high, the polishing process becomes dif cult.
Generating friction between diamond and ferrous material produces high chemical af nity between them. The diamond is worn in spite of the fact that its hardness is considerably higher than that of ferrous material. There are some reports about polishing diamond by a cast iron disk using this phenomenon [10, 11] . There are also reports about diamond machining by heated steel wire or hot metallic plate utilizing the graphitization mechanism [12] [13] [14] [15] [16] . The main purpose of these methods of diamond polishing is to get a good at surface. By using heated steel wire, it is possible to machine shapes other than planar, but the steel wire should be heated up to a high temperature.
Generally, when ferrous material is being cut by a diamond-cutting tool, the diamond tool is worn severely, and there are many detailed reports about this wear [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . But so far there are no reports about shaping diamonds into arbitrary shapes by utilization of diamond tool wear during the cutting process. This research aims to shape diamond into a bulk shape by utilizing diamond tool wear. Figure 1 shows the machining method, where a single crystal diamond is xed on top of a cylinder bar; this cylinder bar is set at the tool post of a lathe. This 
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